A 
INTRODUCTION
Vulnerability is defined by IPCC as "the degree to which a system is susceptible to, or unable to cope with the adverse effects of climate change, including climate variability and extremes". It is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity (IPCC, 2001; IPCC, 2007) . Therefore, the vulnerability of a system depends on internal characteristics (sensitivity and adaptive capacity) of the population and the external factors as climate hazards.
Vulnerability is widely used in development and adaptation contexts. Policies, institutions and other types of interventions and initiatives from the government have a notable influence in internal characteristics of the population. Therefore, key vulnerabilities identified by vulnerability assessment can guide policy makers and implementer to identify the geographic areas and groups of people that have to prioritized and focused. Further, vulnerability assessment facilitates to identify the factors contributing to increase the vulnerability. This helps for better policy decisions and implementations to focus on the real need of the specific group. Therefore, this study was formulated to identify the socio-economic and socio-demographic factors affecting the vulnerability of smallholder farmers to climate change or variabilityatGramaNiladhari (GN) division level.
METHODOLOGY
According to FAO, "smallholder farmer" is defined as; "Farmers those who depend on small-scale subsistence farming as their primary source of income. The average size of operational holdings (actual area cultivated) is only 0.8 hectares (2 acres) or less" (Thapa, 2009 ).
Selection of sample
Hakwatuna-oya major irrigation scheme was selected for the study. The scheme is situated within the Daduruoya river basin and within the Divisional Secretariat of Polpithigama in the Kurunegala district. It has 3020 farm families distributed over 17 GramaNiladhari (GN) administrative divisions (Figure 1 ).
Data collection
Primary and secondary data were collected in all the 17 GN divisions using semi-structured questionnaire, key informant interviews and field observations. Secondary data were collected through government officials who are working in the area. Semi-structured questionnaire was developed to gather data on five themes, namely socioeconomic characteristics of farmers, cultivation information, perception to the climate variability, adaptation measures for climate variability and government policy interventions. Questionnaire survey was conducted in every GN division. The population was stratified based on GN divisions and stratified random sampling technique was used to identify the number of households to be surveyed in each GN division. Table 1 shows the distribution of sample units in each GN division. Only the households who are cultivating paddy as a primary or secondary income source were interviewed. Individuals for interviewing were selected randomly within the GN division. Altogether, 298 households were interviewed. Collected data were first filtered based on the land area cultivated (holdings that are less than 2 ac.) and main income source (agricultural) to identify smallholder farmers. Map of theHakwatuna-oyairrigation scheme 
Vulnerability assessment
Index based approach for vulnerability assessment was used in the study. A composite index of vulnerability was developed. The framework developed by IPCC was used as the base for assessing the vulnerability (IPCC, 2007) . According to this framework, vulnerability is a function of exposure, sensitivity and adaptive capacity.
Vulnerability = f (exposure, sensitivity, adaptive capacity)
where;
Exposure -The nature and degree to which a system is exposed to significant climatic variations.
Sensitivity -The degree to which a system is affected, either adversely or beneficially, by climate related stimuli.
Adaptive capacity -Potential or ability of a system, region, or community to adjust to the impacts of climate change.
Exposure and sensitivity affect vulnerability positively and adaptive capacity affects negatively. Only sensitivity and adaptive capacity were considered as the components in calculating the vulnerability index. Exposure was not included in this study for calculating the vulnerability index, as it is difficult to collect rainfall and temperature data separately for each and every GN divisions in the Hakwatuna-oya scheme due to unavailability of rainfall data in each GN division. Further, considerable difference in rainfall among each GN division cannot be expected as the geographic area under consideration is small.
Proxy variables for each component of sensitivity and adaptive capacity were identified and the relationship between proxy variables and vulnerability was established (Table 2) based on available literature (Eriyagama, 2010; MoE, 2011; Punyawardena, 2013) . Five proxy variables were used to calculate sensitivity component index and nine proxy variables were used to calculate adaptive capacity component index.
All the proxy variables of sensitivity were categorized into two sub-indicators as human sensitivity and livelihood sensitivity. Similarly, all the adaptive capacity proxy variables were categorized into two sub-indicators as socio-economic adaptive capacity and infrastructure adaptive capacity (Figure2).
Variables were calculated with secondary and primary data as shown in Table 2 Considering the relationship of the variable to the final vulnerability, normalization was done using Equations 1 and 2. If the relationship is positive, Equation 1 was used and if the relationship is negative, Equation 2 was used.
Where; X = normalised value of the variable Xac = actual value of the variable Xmin = minimum value of the variable of the dataset Xmax = maximum value of the variable of the dataset 
RESULTS AND DISCUSSIONS

Vulnerability of smallholder farmers to climate change
Figure3 indicates that Indigolla, Maeliya North, Siyambalawewa and ThalwaharaGN divisions are highly vulnerable in terms of human sensitivity. According to Table 3 , high population density and high percentage of agriculture based households are the reasons for high vulnerability in terms of human sensitivity. BogollaGN division is highly vulnerable in terms of livelihood vulnerability. According to the Table 4 , less area cultivated by agrowells and high percentage of small-scale farming are the reasons for high livelihood vulnerability. According to the sensitivity index in Figure 3 , Bogolla and Indigolla are veryhighly sensitive GN divisions to climate change in the Hakwatuna-oya scheme. *If the value of normalized variable is high, its' contribution to vulnerability is also high. *If the value of normalized variable is high, its' contribution to vulnerability is also high.
Fig.3. Sensitivity to climate change vulnerability
According to Figure 4 , Bogolla, Galtanwewa and RambeGN divisions are highly vulnerable in terms of socio-economic adaptive capacity. It means, they have least adaptive capacity to climate variability. Rambe and Bogolla have very less percentage of farmers whose income is contributed with government or private salaried employments (Table 5 ). This leads them to depend more on agricultural sources as the household income. This is one reason for them to become more vulnerable in terms of socio-economic adaptive capacity. Further, Rambe has high percentage of household heads with less educational level (below grade 5) and high percentage of unemployment level, which further reduced the adaptive capacity (Table 5) . BogollaGN division has high percentage of households suffering from chronic diseases and high level of poverty head count ratio. These factors have reduced the adaptive capacity of these GN divisions. Therefore, the absence of alternative livelihood opportunities, low educational levels, presence of chronic diseases, unemployment, high dependency ratio and prevalence of high levels of poverty are the reasons for reduced adaptive capacity.
ElagamuwaGN division is highly vulnerable to climate change in terms of infrastructure adaptive capacity. The reason is that this area lack in properly developed road system and has very less percentage of households with assured drinking water (Table 6 ). These two factors have decreased the adaptive capacity of this area and increased the vulnerability to climate change. 
CONCLUSIONS
Sensitivity to climate change is influenced by population density, agriculture based households, area cultivated by groundwater sources and percentage of small scale farming.
Adaptive capacity in the study area to climate change is affected by education, chronic diseases, having government of private employments, dependency, poverty, road density and assured drinking water source to farmers.
Out of 17 GN divisions, 6 GN divisions are moderate to highly venerable. They are Bogolla, Indigolla, Siyambalawewa, Elagamuwa, Rambe and ThambuwaGN divisions. Vulnerable GN divisions account for 38 % of the land area and 41% of the population. It is suggested to consider this information in selecting GN divisions for climate change adaptation interventions.
